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Abstract

Background In June 2019, surveillance data from the Uganda’s District Health Information System revealed an
outbreak of malaria in Kole District. Analysis revealed that cases had exceeded the outbreak threshold from January
2019. The Ministry of Health deployed our team to investigate the areas and people affected, identify risk factors for
disease transmission, and recommend control and prevention measures.

Methods We conducted an outbreak investigation involving a matched case-control study. We defined a

confirmed case as a positive malaria test in a resident of Aboke, Akalo, Alito, and Bala sub-counties of Kole District
January-June 2019. We identified cases by reviewing outpatient health records. Exposures were assessed ina 1:1
matched case-control study (n=282) in Aboke sub-county. We selected cases systematically from 10 villages using
probability proportionate to size and identified age- and village-matched controls. We conducted entomological and
environmental assessments to identify mosquito breeding sites. We plotted epidemic curves and overlaid rainfall,
and indoor residual spraying (IRS). Case-control exposures were combined into: breeding site near house, proximity
to swamp and breeding site, and proximity to swamp; these were compared to no exposure in a logistic regression
analysis.

Results Of 18,737 confirmed case-patients (AR=68/1,000), Aboke sub-county residents (AR=180/1,000), children <5
years (AR=94/1,000), and females (AR=90/1,000) were most affected. Longitudinal analysis of surveillance data
showed decline in cases after an IRS campaign in 2017 but an increase after IRS cessation in 2018-2019. Overlay of
rainfall and case data showed two malaria upsurges during 2019, occurring 35-42 days after rainfall increases. Among
141 case-patients and 141 controls, the combination of having mosquito breeding sites near the house and proximity
to swamps increased the odds of malaria 6-fold (OR=6.6, 95% Cl=2.24-19.7) compared to no exposures. Among 84
abandoned containers found near case-patients’and controls'houses, 14 (17%) had mosquito larvae. Adult Anopheles
mosquitoes, larvae, pupae, and pupal exuviae were identified near affected houses.
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Conclusion Stagnant water formed by increased rainfall likely provided increased breeding sites that drove this
outbreak. Cessation of IRS preceded the malaria upsurges. We recommend re-introduction of IRS and removal of

mosquito breeding sites in Kole District.

Keywords Malaria, Outbreak, Stagnant water, Uganda, IRS

Background

Malaria is transmitted to humans when they are bitten
by infective female Anopheles mosquitoes with Plasmo-
dium parasite sporozoites in the salivary glands. Malaria
is endemic in Uganda; 90-95% of the country has sta-
ble malaria transmission [1]. Anopheles gambiae and
Anopheles funestus species, which are endophagic and
endophilic (bite and rest indoors), are the most com-
mon malaria vectors in Uganda [1]. Malaria transmission
intensity partly depends on the vector density, which is in
turn dependent on favorable temperatures and the pres-
ence of mosquito breeding sites. In Uganda, transmission
is ongoing throughout the year, with two annual peaks
that typically follow the two rainy seasons in March—May
and August—October [2].

Uganda has reported multiple, geographically diverse
malaria outbreaks over the last 20 years [3-6]. In 2017,
nearly 20% of Ugandans suffered at least one episode
of malaria, and malaria was responsible for 5% of all
deaths in the country [7]. Despite a 52% decline in
national malaria-related deaths between 2016/2017 and
2017/2018, malaria prevalence was 9% among children
under 5 in 2018/2019 financial year [8, 9]. Through the
Uganda Malaria Reduction Strategic Plan (UMRSP)
2014-2020, the Ministry of Health (MoH) implemented
activities to reduce annual malaria morbidity, mortal-
ity, and parasite prevalence. This involved case and fever
management, referral, provision of essential diagnostics
and antimalarials, behavioral change communication
and technical support to affected districts. Long-lasting
insecticide-treated nets (LLINs) were distributed contin-
uously through antenatal and immunization clinics and
nationally every three years, and indoor residual spraying
(IRS) was conducted annually in selected districts to con-
trol vectors [10].

Kole District (altitude: 1,150 m above sea level) is
located in Lango sub-region of northern Uganda and has
a population of approximately 280,000 persons [11]. It
has two seasonal rainfall peaks in March to May and Sep-
tember to November, with annual rainfall ranging from
875 mm to 1,500 mm. As of 2019, Kole District had 16
health facilities, including one Health Centre (HC) IV,
five HC IlIs, six HC IIs and four clinics. All have capacity
to test for and treat malaria.

Ten districts in Eastern and mid-Northern Uganda,
including Kole, received IRS annually during 2009-2014,
which contributed to reducing the malaria burden. How-
ever, during 2014-2016, IRS support shifted to other

districts, leading to increases in malaria occurrence in the
former 10 districts in Eastern and mid-Northern Uganda.
As an intervention to address this resurgence, single
round of IRS was conducted in 2017 [8]. Since that time,
no additional IRS campaigns have been carried out in the
area, and Kole, like other districts in Northern Uganda,
continues to experience seasonal malaria outbreaks [3].

In June 2019, routine analysis of malaria surveillance
data from Uganda’s District Health Information System
(DHIS2) showed a malaria outbreak in Kole District. We
plotted a malaria normal channel graph, a plot of weekly
confirmed malaria cases in Kole District over the previ-
ous five years (2013-2018) analyzed into upper (75th
percentile) and lower (25th percentile) epidemic thresh-
olds of expected cases, and compared to 2019 cases [12].
Starting in January to June 2019, malaria cases exceeded
the upper epidemic threshold. Further disaggregation of
the data showed four sub-counties were the most highly
affected. The MoH deployed a study team composed of
national rapid response members, district and commu-
nity health workers to respond to this outbreak. The team
investigated to determine the extent, identify risk factors
for increased transmission in Kole District, and to rec-
ommend control and prevention measures.

Methods

Outbreak area

We extracted malaria surveillance data for Kole District
from the District Health Information System (DHIS2).
We computed malaria cases by sub-county and drew
malaria channel graphs to identify sub-counties with the
highest burden of cases during the outbreak period. The
four most-affected sub-counties: Aboke, Akalo, Alito, and
Bala were selected for the investigation of the outbreak.
In the sub-counties, we purposively selected and visited
Aboke HC IV, Akole HC III, Apalabarowoo HC III, Bala
HC III and Opeta HC III. During our investigation, the
district health team informed us of antimalaria stockouts
at lower-level public health facilities, which led to referral
of cases to these five health facilities.

Case definition and finding

We defined a confirmed case as a positive malaria
result by the histidine-rich protein II rapid diagnos-
tic test (mRDT) or microscopy in a resident of the four
most-affected sub-counties (Aboke, Akalo, Alito, and
Bala sub-counties) from 1 January to 30 June 2019. We
purposively reviewed outpatient health records in five
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higher-level health facilities (1 HC IV and 4 HC IlIs) to
search for confirmed malaria cases in these sub-counties.
This purposive selection was based on information by the
district health team that antimalaria stockouts at lower-
level public health facilities had led to referral of cases to
these five. Using the out-patient records, we line-listed all
case-patients who fit the case definition. For each case-
patient, we abstracted information on confirmatory diag-
nostic test done, age, sex, village, parish, and sub-county
of residence.

Descriptive epidemiology

Using the line list, we described case-patients by per-
son, place, and time. We defined attack rate as the num-
ber of malaria cases during January to June 2019 divided
by the population at risk. Populations at risk used were
extracted from the 2019 Uganda National Population
Census projections for Kole District [11]. Consequently,
we computed attack rates by age-group, sex, sub-county,
parish and village; groups with the highest attack rates
were classified as the most affected. We drew a map of
the district indicating affected sub-counties. Rainfall data
for Kole District for January to June 2019 were abstracted
from the online weather resource AccuWeather Inc.
[13]. An epidemic curve was drawn to describe the dis-
tribution of malaria cases in the district during January
to June 2019 and. rainfall data superimposed over the
curve. Another epidemic curve of malaria cases in Kole
District from 2016 to 2019 was drawn with data on IRS
obtained from MoH records [8] superimposed over the
cases. Using surveillance data from the DHIS2, we plot-
ted a graph showing trends in confirmed malaria cases in
Kole and included IRS interventions in the district from
2016 to 2019.

Environmental assessment

In Aboke sub-county, we selected Ogwangacuma Parish
which had the highest attack rate (345 per 1,000) and in
turn selected Aweingwec Village that reported the high-
est number of malaria cases (n=2,392) during January —
June 2019. In Aweingwec Village, we conducted transect
walks by systematically walking with community health
workers to explore the environment for stagnant water,
swamps and potential risk factors for mosquito breed-
ing and malaria transmission. We identified active and
potential breeding sites for mosquitoes near houses and
the environment.

Entomological assessment

In Aboke sub-county, we selected Akwirididi parish, one
of the two most affected parishes, to conduct entomo-
logical assessments. In 2019, Akwirididi had 28 villages
and 2,748 households, from which we selected a random
sample of 20 houses to assess the mosquito density. In
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each house, we used the pyrethrum spray catch method
to collect indoor resting mosquitoes by spraying pyre-
thrum insecticide inside the house and collecting mos-
quitoes that were knocked down on a white sheet laid on
the ground. We conducted daily pyrethrum spray catches
from 6 to 10 am during the 13-15 July 2019. The dead
mosquitoes were collected using forceps, packed in petri
dishes, and transported to the laboratory for counting
and identification [14]. The mosquito indoor resting den-

sity (IRD) was computed using the formula:
IRD = (no. of mosquitoes collected indoors--no.of houses)
number of mornings
At breeding sites around the sampled houses, scoops

were used to collect larvae, pupae, and pupal exuviae;
strainers and filter cloths were used to remove excess
water. Residual material was then transported to the lab-
oratory for counting and identification.

Hypothesis generation interviews

In Aboke, the most affected sub-county, we purposively
selected Ogwangacuma parish because it had the high-
est attack rate. In this parish, we conveniently sampled
20 case-patients. The community health workers on our
team introduced the purpose of the investigation and
supported translation from the local language when nec-
essary. Case-patients were interviewed about possible
behavioral and environmental exposures associated with
malaria transmission; we also observed their environ-
ment for potential risk factors. The exposure variables
explored included living close to swampy areas, human
activities in and around swamps, presence of stagnant
water near houses following rainfall (present during our
visits), and LLIN use during the two weeks before symp-
tom onset.

Case-control study

We conducted a case-control study to test the generated
hypotheses in two parishes of Aboke sub-county. The
parishes of Ogwangacuma and Akwirididi were selected
because of their high attack rates. From these two par-
ishes, we further selected the ten most affected villages.
The number of cases and controls selected from each
affected village was estimated using the probability pro-
portionate to size sampling method where each village
contributed persons proportional to the village’s attack
rate [3].

We defined a case-patient as a resident of Ogwan-
gacuma or Akwirididi Parish in Aboke sub-county with
evidence of a positive malaria RDT in the previous four
weeks (8 June to 8 July 2019). For each case-patient, evi-
dence of malaria RDT was abstracted from health facil-
ity out-patient records. We defined a control as a resident
of Ogwangacuma or Akwirididi Parish with no signs or
symptoms of malaria and no positive test for malaria in
the same previous four weeks. Cases and controls were
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matched by village of residence and age (within 5 years).
We used a case to control ratio of 1:1, selecting 141 cases
and 141 controls (n=282).

We used systematic sampling to select cases and con-
trols. A list of all houses per village was obtained from
the respective local council leaders and used as the sam-
pling frame from which we calculated the sampling inter-
val. All houses in the sampling frame were assigned a
number and OpenEpi™ was used to generate one random
number which served as the starting point for selecting
the first house from which to select a case-patient. After
this, we used the sampling interval to select the remain-
ing cases. The remaining houses were assigned numbers
and random numbers generated in OpenEpi™ and used to
select matching controls. If the house had a case-patient
or didn’t have an age-matched person, it was replaced by
a neighboring house. We administered a questionnaire to
each case-patient with questions on demographics and
exposure to malaria risk factors during the two weeks
before symptom onset. The same questionnaire was
administered to controls to assess exposure to malaria
risk factors during the two weeks before their matched
case-patient’s symptom onset. For case-patients or con-
trols who were minors, the questionnaire was admin-
istered to guardians. At selected houses, we looked out
for abandoned containers with stagnant water and visible
mosquito larvae. Any vessel found in the open around the
house but no longer in use that could store an amount of
water to allow mosquitoes to lay their eggs was consid-
ered as an abandoned container.

Data management and analysis

Data were first entered, cleaned in Microsoft Excel before
being imported into Epi Info 7.2 to generate descrip-
tive statistics. In Epi Info, we analyzed the case-control
data by creating the following combined exposure cat-
egories: [1] Breeding site near house (a combination
of either abandoned containers or stagnant water near
house), [2] Proximity to swamp (a combination of either
house<500 m of swamp exposures or farm<500 m of
swamp exposures), [3] Combination of breeding site
near house and proximity to swamp, and [4] Common
reference category (no breeding site near house and no
proximity to swamp). This enabled us to compare the
individual effect of each of the combined exposures (cat-
egories 1 and 2), and the joint effect of all the exposures
(category 3) to a common reference of no exposures (cat-
egory 4). Using logistic regression analysis, we computed
odds ratios (OR) and their 95% confidence intervals.

Results

Descriptive epidemiology

We line-listed 18,737 confirmed case-patients in the
four most affected sub-counties of Kole District (Aboke,
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Table 1 Attack rates by sex and age-group during a malaria
outbreak in Kole District, Uganda, January-June 2019

Character- Popu- Cases % ofCases Attack
istics lation (n=18,737) Rate/1,000
Sex Female 139,700 12,535 67 90

Male 136,600 6,202 33 45
Age (years) Children 48380 4419 24 91

under 5

Children 116,240 7,744 41 67

5-18y

Adult>18y 111,680 6,574 35 59

Akalo, Alito, and Bala). The overall attack rate (AR) was
68/1,000 with no deaths. The median age was 12 years
(range: <1 to 98 years). Children under 5 years were the
most affected (AR=94/1,000) followed by children aged
5-18 vyears (71/1,000). Females (AR=90/1,000) were
more affected than the males (AR=45/1,000) (Table 1).

Of the four sub-counties visited, Aboke had a higher
attack rate (AR=180/1,000) in comparison to Alito,
Akalo and Bala (Fig. 1).

The epidemic curve showed peaks in malaria cases on
9 April and 21 May 2019. The peaks in malaria cases fol-
lowed increases in rainfall by 35-42-day intervals. We
also observed peak-to-peak increases; May’s peak was the
highest following the second increase in rainfall (Fig. 2).

A graph of confirmed malaria cases in Kole District
from 2016 to 2019 showed annual seasonal peaks in
malaria cases during May-July and October-November
(Fig. 3). During May and June 2017, Kole District con-
ducted a mass indoor residual spraying (IRS) campaign,
which appeared to reduce cases over the following year.
Monthly cases in 2019 were high in comparison to 2016,
2017 and 2018.

Entomological assessment findings

Around the 20 houses we visited, we identified any stag-
nant water containing areas or containers with mos-
quito larvae as sites for breeding. From these 20 houses,
262 adult Anopheles mosquitoes were identified during
knockdown. Of the 262 adult mosquitoes, 204 (78%) were
female, of whom 140 (69%) were Anopheles gambiae and
64 (31%) were Anopheles funestus. Among these, 171
(84%) were freshly fed. The average indoor resting density
of malaria vectors was 4 mosquitoes per house per night.
In stagnant water near the 20 houses, we identified an
average of 10 Anopheles larvae, four Anopheles pupae,
and multiple Anopheles exuviae per 500ml scoop; these
were of gambiae and fenustus species.

Environmental assessment findings

In Aboke sub-county, the main economic activity was
subsistence farming. On rice farms in swampy areas, we
identified stagnant water with visible Anopheles mos-
quito larvae. We also identified man-made ponds being
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Fig. 1 Map of affected sub-counties during a malaria outbreak in Kole District, Northern Uganda, January-June 2019. Inset: location of Kole District in
Uganda. (Note. Results are presented for 7 sub-counties instead of the 4 visited due to the referrals from health facilities located in other sub-counties

during the period considered for the investigation. The outpatient department register collects data on village, parish, and sub-county of residence of
the case-patients.)
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Fig. 2 Weekly confirmed cases (red bars) and weekly rainfall (blue line) during a malaria outbreak in Kole District, Uganda, January-June 2019

Hypothesis generation findings
used for fish farming. These were surrounded by ditches ~ Among the 20 case-patients interviewed, 17 (85%) lived
which had filled with rainwater that had stagnated; we  within 500 m of a swamp, 15 (75%) farmed within 500 m
found Anopheles mosquito larvae in the ditches. of a swamp and 11 (55%) had stagnant water near their
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Fig. 3 Monthly confirmed malaria cases and timing of mass indoor residual spraying in Kole District, Uganda, 2016-2019. Note*: In addition to the mass

IRS, an LLIN distribution campaign was conducted

Table 2 Distribution of exposure status among case-patients
and controls during a malaria outbreak in Kole District, Uganda,
January-June 2019

n (%) cases n (%)
exposed controls
exposed
15(11) 26 Ref Ref

Odds 95%
Ratio CI

Total
exposed

Exposure

Reference (No 11 (7.8)
breeding site

near house

and no proxim-

ity to swamp)

Breeding site  4(2.8) 5(3.5) 9 109 024-
(Stagnant 5.02
water or

abandoned

containers)

near house

Proximity to 87 (62) 113 (80) 247 1.05 0.45-
swamp (House 24
or

farm <500 m

from swamp)

Combination 39 (28) 8(5.7) 47 6.6 2.24—
of Breeding 19.7
site near house

and Proximity

to swamp

Total 141 141 282 - -

*All exposures are compared with the no-exposure reference group

Cl: confidence interval.

house. Based on the descriptive epidemiology, environ-
mental and entomological assessments, and interview
findings, the study team hypothesized that stagnation of

rain water in swampy areas, ditches, and around houses
favored mosquito breeding.

Case-control study findings
Among 141 case-patients and 141 controls, having breed-
ing sites near the house either as abandoned contain-
ers or as stagnant water (OR=1.09, 95% CI=0.24-5.02)
was not associated with malaria infection. Proximity to
swamps either as farm or house less than 500 m to the
swamp (OR=1.05, 95% CI=0.45-2.4) was also not asso-
ciated with malaria infection. Further analysis of the risky
exposures in combination revealed a possible combined
effect. The combination of having breeding sites near
house and proximity to swamps increased the odds of
malaria 6-fold (OR=6.6, 95% CI=2.24—-19.7) (Table 2).
We identified a total of 84 abandoned containers near
participants’ houses, 14 (17%) of which had visible mos-
quito larvae. Examples of abandoned containers identi-
fied included old jerry cans, saucepans and basins.

Of the 282 study participants, 227 (80%) reported using
an LLIN the previous night that is, 80% (113/141) of case-
patients compared to 81% (114/141) controls.

Discussion

There was in increase in malaria cases in Kole District in
2019. While IRS in 2017 appeared to reduce the malaria
levels in 2017 and early 2018, its effect appeared to have
worn off by 2019. Peaks in malaria cases followed rains
in 2019. Persons living in Aboke sub-county, children
under five years, and women were the more affected by
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this outbreak in comparison to other groups. There were
many freshly-fed adult female mosquitoes in houses in
the affected area, implying that residents were being
actively bitten even during our investigation period,
which occurred after the peak of cases. Risky exposures
associated with malaria included having abandoned con-
tainers and stagnant water near work or house.

In Uganda, the main malaria control measures are IRS,
distribution of LLINs, accurate diagnosis and prompt
treatment, and intermittent preventive treatment of preg-
nant women [10]. In 2017, the MoH conducted a routine
LLIN distribution that achieved 88% national cover-
age [8], which, complemented by the mass IRS, should
have been sufficient to have a protective effect. However,
high LLIN coverage rates don’t always reflect use; the
2018/2019 Uganda Malaria Indicator Survey reported
national net use of 59% [9]. Although reported net use
in our study was 80%,in areas with favorable vector and
rainfall conditions, regular LLIN use should be combined
with other interventions such as IRS to reduce the mos-
quito population sufficiently to impact malaria infection
rates [4]. However, the expense of IRS often precludes its
regular application or universal coverage.

We noted increases in malaria peaks approximately 5-6
weeks after rainfall peaks. This is a well-described phe-
nomenon in the malaria literature and has been reported
previously [3, 4]. This first increase in rainfall, during
early March of 2019 could have facilitated an increase
in mosquito breeding sites. Successive peaks in rain-
fall could have favored three mosquito breeding cycles
of two weeks each, resulting in a generational increase
in mosquito density[15]. However, rainfall itself is not
enough to guarantee mosquito breeding. Opportunities
for breeding sites exist when there is stagnant water and
flooding near places where people live, work or rest [3, 4,
16]. Farming in swamps can also modify the water tem-
perature, resulting in favorable conditions for mosquito
breeding [17]. We found pools of water in open aban-
doned containers surrounding houses, as well as stagnant
water near houses resulting from flooding which served
as sites for mosquitoes to breed. In our study, breeding
sites near houses, and having farms or houses close to
swamps increased odds of malaria infection. This com-
bined effect of exposures emphasizes the need for multi-
ple environmental and behavioral interventions to reduce
risk of malaria exposure. Malaria prevention messages to
the public in this area should emphasize responsible land
use practices to reduce the creation of mosquito breeding
habitats in the environment [18, 19].

We identified children under five years of age as the
most affected by malaria. This disproportionate burden
has been widely reported both in Uganda and globally [4,
8, 16, 20]. In addition, females were twice as affected as
males., a finding reported previously in multiple districts
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of Uganda [21]. Females in Kole District might engage
in activities that increase their exposure to mosquitoes.
During our study, we observed that cooking areas were
outside the house, meaning that women would likely be
exposed in the evenings while preparing meals. It should
be noted that in comparison to males, females are also
more likely to report fevers to health facilities and have
more opportunities to be tested for malaria during child
health care or antenatal visits [21]. However, pregnancy
may also increase susceptibility [22]. In Uganda, preva-
lence of malaria during pregnancy was 30% in 2017,
increasing the risk of maternal anemia and low birth
weight babies [10]. Malaria control initiatives in this area
— and likely other high-transmission areas in Uganda —
should increase their targeting of pregnant women and
children under five years.

Beyond the morbidity and mortality, malaria infec-
tions have negative socioeconomic implications, includ-
ing treatment expenditures, lost work and school days,
decreased productivity, and sometimes the loss of a
household breadwinner [23]. The 2014-2020 Uganda
Malaria Reduction Strategic Plan aimed to accelerate
nationwide scale up of cost-effective malaria prevention
and treatment interventions [24]. When scaled up, the
combination of IRS, distribution of LLINSs, and test-and-
treat interventions contributed to a 27% reduction in the
national incidence of malaria between 2017 and 2018 [8].
Ugandan researchers estimated that using a district-led
approach for IRS, the overall cost per structure sprayed
is UGX 28,400 (8 US$) and the average cost per person
protected is UGX 7,200 (2 US$) [25]. However, costs are
increased by additional measures, such as environmental
compliance; a previous recent IRS in Uganda cost approx-
imately USD 12 million to cover just 10 districts (unpub-
lished data). In contrast, the cost of treating malaria is
estimated to be between UGX 1,500 (0.41 US$) and UGX
13,800 (3.88 US$) per person per month [24]. Thus, while
consistent IRS, removal of vector breeding sites, and
consistent distribution and use of LLINs in the affected
areas are effective, they may not be economically feasible.
Community leaders can be encouraged to conduct edu-
cation campaigns that raise awareness and encourage the
use of LLINs and removal of stagnant water to address
risk where IRS is not economically feasible.

Limitations

During the search for cases, we did not review health
records from the integrated community case manage-
ment of malaria (iICCM) for children under five years in
Kole District. This might have led to an underestimation
of the magnitude of the outbreak among children under
five years. In addition, most persons visit Health Center
II (lower-level health facilities) first for malaria treat-
ment. However, we did not visit these facilities to search
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for cases due to reported antimalarial stockouts during
the outbreak period; instead, we visited the five health
facilities where suspected cases from the lower health
facilities were referred. Finally, given the high attack rates
we reported in our investigation, it is possible that con-
trols were infected but asymptomatic at the time of inter-
view. This could have introduced a misclassification bias
and underestimated our associations.

Conclusion

Stagnant water near houses likely facilitated this outbreak
through increases in mosquito breeding sites following
rains. Inadequate preventive measures such as absence
of IRS likely facilitated vector-human contact to enhance
the outbreak. Re-introduction of IRS, re-distribution of
LLIN in Kole District, and sensitizing communities about
removing mosquito breeding sites might reduce the risk
of future outbreaks.

Public health actions

We sensitized the community members and leaders on
malaria and easy preventive actions like removing aban-
doned containers around their houses that act as mos-
quito breeding sites and consistent use of LLIN.
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@] Confidence interval.
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Acknowledgements

We would like to appreciate the Uganda Public Health Fellowship Program for
the technical support provided during the preparation and conducting the
investigation. We appreciate the Uganda Ministry of Health- National Malaria
Control Division and Kole District health team for supporting the outbreak
response efforts.

Authors’ contributions

Conceived and designed the study, acquired, analyzed, interpreted the data
and wrote the first draft of the manuscript: MN, VN and JK. Contributed
substantially to analysis and interpretation of data: BL. Critically reviewed the
paper for important intellectual content: LB, BK, ARA and JH. All authors read
and approved the manuscript.

Funding and disclaimer

This project was supported by the President’s Emergency Plan for AIDS
Relief (PEPFAR) through the US Centers for Disease Control and Prevention
Cooperative Agreement number GH001353-01 through Makerere University
School of Public Health to the Uganda Public Health Fellowship Program,
MoH. Its contents are solely the responsibility of the authors and do not
necessarily represent the official views of the US Centers for Disease Control
and Prevention, the Department of Health and Human Services, Makerere
University School of Public Health, or the MoH. The staff of the funding body

Page 8 of 9

provided technical guidance in the design of the study, ethical clearance and
collection, analysis, and interpretation of data and in writing the manuscript.

Data Availability

The datasets upon which our findings are based belong to the Uganda Public
Health Fellowship Program. For confidentiality reasons the datasets are not
publicly available. However, the data sets can be availed upon reasonable
request from the corresponding author and with permission from the Uganda
Public Health Fellowship Program.

Declarations

Ethics approval and consent to participate

This investigation was in response to a public health emergency and was
therefore determined to be non-research. The MoH gave the directive and
approval to investigate this outbreak. The Office of the Associate Director

for Science, Centers for Global Health, CDC, determined that this activity

was not human subject research, and its primary intent was public health
practice or a disease control activity (specifically, epidemic or endemic disease
control activity). All methods were carried out in accordance with relevant
guidelines for outbreak investigations approved by the MoH. Verbal informed
consent in the local language was sought from respondents or care-takers

of diseased children (participants under 18). They were informed that their
participation was voluntary and their refusal would not result in any negative
consequences. To protect the confidentiality of the respondents, each was
assigned a unique identifier which was used instead of their names.

Competing interests
The authors declare that they had no competing interests.

Author details

1Ugamda Public Health Fellowship Program, Ministry of Health, Kampala,
Uganda

%Integrated Epidemiology, Surveillance and Public Health Emergencies
Department, Ministry of Health, Kampala, Uganda

3US Centers for Disease Control and Prevention, Kampala, Uganda

Received: 29 April 2022 / Accepted: 21 September 2022
Published online: 12 October 2022

References

1. Statistics UBo, Hospital M, Macro |, Programme NMC. Uganda Malaria Indica-
tor Survey, 2009: Uganda Bureau of Statistics; 2010.

2. Kamya MR, Arinaitwe E, Wanzira H, Katureebe A, Barusya C, Kigozi SP, et al.
Malaria transmission, infection, and disease at three sites with varied trans-
mission intensity in Uganda: implications for malaria control. Am J Trop Med
Hyg. 2015;92(5):903-12.

3. Nsereko G, Kadobera D, Okethwangu D, Nguna J, Rutazaana D, Kyabayinze
DJ, et al. Malaria Outbreak Facilitated by Appearance of Vector-Breeding
Sites after Heavy Rainfall and Inadequate Preventive Measures: Nwoya
District, Northern Uganda, February-May 2018. J Environ public health.
2020;2020:5802401.

4. Simple O, Mindra A, Obai G, Ovuga E, Odongo-Aginya El. Influence of
Climatic Factors on Malaria Epidemic in Gulu District, Northern Uganda: A
10-Year Retrospective Study. Malar Res Treat. 2018,2018:8.

5. Yeka A Gasasira A, Mpimbaza A, Achan J, Nankabirwa J, Nsobya S, et al.
Malaria in Uganda: challenges to control on the long road to elimination: I.
Epidemiology and current control efforts. Acta Trop. 2012;121(3):184-95.

6. Ogwang R, Akena G, Yeka A, Osier F, Idro R. The 2015-2016 malaria epidemic
in Northern Uganda; What are the implications for malaria control interven-
tions? Acta Trop. 2018;188:27-33.

7. Today ON. Uganda reports malaria upsurge: 40% increase: Outbreak News
Today; 2019 [updated 18/08/2019. Available from: http://outbreaknewstoday.
com/uganda-reports-malaria-upsurge-40-percent-increase-31674/.

8. MoH. National Malaria Annual Report 2017-2018. Kampala, Uganda: National
Malaria Control Division, Surveillance Monitoring & Evaluation Unit, Division
NMG; 2019.


http://outbreaknewstoday.com/uganda-reports-malaria-upsurge-40-percent-increase-31674/
http://outbreaknewstoday.com/uganda-reports-malaria-upsurge-40-percent-increase-31674/

Nabatanzi et al. BMC Public Health

(2022) 22:1898

NMCD U, and ICF. 2018-19 Uganda Malaria Indicator Survey (UMIS): Atlas

of Key Indicators. Kampala, Uganda and Rockville, Maryland, USA, (NMCD)
UNMCD; 2019.

USAID. Presidential Malaria Initiative Uganda. Operational Plan M FY 2019. In:
Services USDoHaH, editor. US.A2019.

Statistics UBo. Population and Censuses Kampala, Uganda: UBOS 2019 [Avail-
able from: https://www.ubos.org/publications/statistical/20/.

WHO. Malaria surveillance, monitoring & evaluation: a reference manual.
Switzerland: Geneva; 2018.

AccuWeather. Uganda Weather 2019 [Available from: https://www.accu-
weather.com/en/ug/alito/1042300/may-weather/1042300.

WHO. Manual on Practical Entomology in Malaria: Part Il Methods and Tech-
niques. Geneva: Diseases WDoMaoP; 1975.

Organization WH. Malaria control in complex emergencies: an inter-agency
field handbook. World Health Organization; 2005.

Hajison PL, Feresu SA, Mwakikunga BW. Malaria in children under-five: A
comparison of risk factors in lakeshore and highland areas, Zomba district,
Malawi. PLoS ONE. 2018;13(11):e0207207.

Lindblade KA, Walker ED, Onapa AW, Katungu J, Wilson ML. Land use change
alters malaria transmission parameters by modifying temperature in a high-
land area of Uganda. Tropical Med Int Health. 2000;5(4):263-74.

Paul P, Kangalawe RYM, Mboera LEG. Land-use patterns and their implication
on malaria transmission in Kilosa District, Tanzania. Tropical Diseases, Travel
Medicine and Vaccines. 2018;4(1):6.

20.
21.

22.

23.

24.

25.

Page 9 of 9

Vanwambeke SO, Lambin EF, Eichhorn MP, Flasse SP, Harbach RE, Oskam L, et
al. Impact of Land-use Change on Dengue and Malaria in Northern Thailand.
EcoHealth. 2007;4(1):37-51.

WHO. World malaria report 2018. Switzerland: Geneva; 2018.

Okiring J, Epstein A, Namuganga JF, Kamya EV, Nabende |, Nassali M, et al.
Gender difference in the incidence of malaria diagnosed at public health
facilities in Uganda. Malar J. 2022,21(1):22.

Organization WH. Gender, health and malaria. 20, Avenue Appia, Geneva 27;
2007.

MoH. National Malaria Control Program Kampala. Uganda2019

[Available from: https://www.health.go.ug/programs/
national-malaria-control-program/.

Ministry of Health U. THE UGANDA MALARIA REDUCTION STRATEGIC. PLAN
2014-2020. In: Program NMC, editor. Kampala, Uganda2014.

Tonny Odokonyero GA, Kirigwajjo M. Freddie Ssengooba. Financing Indoor
Residual Spraying in Uganda: Cost-cutting options. Economic Ploicy Research
Centre; 2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.ubos.org/publications/statistical/20/
https://www.accuweather.com/en/ug/alito/1042300/may-weather/1042300
https://www.accuweather.com/en/ug/alito/1042300/may-weather/1042300
https://www.health.go.ug/programs/national-malaria-control-program/
https://www.health.go.ug/programs/national-malaria-control-program/

	﻿Malaria outbreak facilitated by increased mosquito breeding sites near houses and cessation of indoor residual spraying, Kole district, Uganda, January-June 2019
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Outbreak area
	﻿Case definition and finding
	﻿Descriptive epidemiology
	﻿Environmental assessment
	﻿Entomological assessment
	﻿Hypothesis generation interviews
	﻿Case-control study
	﻿Data management and analysis

	﻿Results
	﻿Entomological assessment findings
	﻿Environmental assessment findings
	﻿Hypothesis generation findings
	﻿Case-control study findings

	﻿Discussion
	﻿Limitations
	﻿Conclusion
	﻿Public health actions

	﻿References


